Materials and Methods
Unless otherwise noted, all chemicals and reagents for chemical reactions were obtained from commercial suppliers (Sigma-Aldrich, Acros) and used without further purification. Silica gel chromatography purifications were carried out using AMD Silica Gel 60, 230-400 mesh. 1 H and 13 C NMR spectra were recorded on either a Varian Mercury 300 spectrometer (300 MHz and 75 MHz, respectively) or a Varian Inova 500 MHz (500 MHz and 126 MHz, respectively) and are internally referenced to residual solvent peak for chloroform. Data for 1 H NMR are reported in the conventional form: chemical shift (δ ppm), multiplicity (s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet, br=broad), coupling constant (Hz), integration. High-resolution mass spectra were obtained with a JEOL
JMS-600H High Resolution Mass Spectrometer at the California Institute of Technology Mass Spectral
Facility. Reactions were monitored using thin layer chromatography (Merck 60 silica gel plates) using an UV light for visualization and an acidic mixture of anisaldehyde, phosphomolybdic acid, or ceric ammonium molybdate, or basic aqueous KMnO 4 as developing agents.
Gas chromatography (GC)
analyses were carried out using a Shimadzu GC-17A gas chromatograph with FID detector and J&W HP-5 column (30 m x 0.32 mm, 0.25 µm film) and 2-phenylethanol as an internal standard. Gas chromatography mass spectrometry (GC-MS) analyses were carried out using a Shimadzu TQ8030 GC-MS with ion count detector and J&W HP-5 column (30 m x 0.32 mm, 0.25 µM film). Analytical SFC was performed with a Mettler SFC supercritical CO 2 analytical chromatography system utilizing Chiralpak AS column (4.6 mm x 25 cm) obtained from Daicel Chemical Industries, Ltd. Semipreparative HPLC was performed using an Agilent 1200 series, a UV detector, and an Agilent XDB-C18 column (9.4 mm x 250 mm, 5 µm). Optical rotations were measured with a Jasco P-2000 polarimeter operating on the sodium D-line (589 nm), using a 100 mm path-length cell.
Plasmids pCWori[BM3] and pET22 were used as cloning vectors. Site-directed mutagenesis was accomplished by modified QuickChange protocol using primers bearing desired mutations (IDT, San Diego, CA). Restriction enzymes BamHI, EcoRI, XhoI, Phusion polymerase, and T4 ligase were purchased from New England Biolabs (NEB, Ipswich, MA).
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General Procedures
Hemochrome binding assay. A solution of pyridine was made by combining 1.75 mL pyridine with 0.75 mL 1 M NaOH. The solution was mixed at room temperature then centrifuged for 30 s at 5000 rcf to remove excess aqueous base. To a cuvette containing 0.75 mL of protein solution in phosphate buffer (0.1 M, pH 8.0), 0.25 mL of the pyridine solution was added followed by a few grains (less than 2.0 mg) of sodium dithionite. The cuvette was sealed with parafilm and a UV-vis spectrum was recorded immediately. Hemoprotein concentration was determined from the absorbance of the hemochrome complex using extinction coefficients of ε 418 = 196 mM -1 cm -1 . Absorbance was assigned as the difference between the peak max at 418 nm and the baseline at 420 nm as determined by extrapolating from two points on either side of the hemochrome peak.
CO binding assay. CO assay was used to determine the concentration in crude lysate. Two cuvettes containing hemoprotein of unknown concentration were prepared. Carbon monoxide was gently bubbled through one solution for 30 seconds and Na 2 S 2 O 4 (<2 mg) was added immediately. Na 2 S 2 O 4 (2 mg) was added to the other cuvette as well and both were sealed with parafilm. Hemoprotein concentration was determined from ferrous CO binding difference spectrum between the two samples using extinction coefficients of ε 450-490 = 91 mM -1 cm -1 for cysteine-ligated BM3 1 and ε 411-490 = 103 mM -1 cm -1 for serineligated BM3. 1 The extinction coefficients ε 450-490 for axial Ala, Met, His, and Tyr variants were independently determined as described below.
Enzyme expression and purification. For the enzymatic transformations, enzyme variants were used in purified form. One liter TB amp was inoculated with an overnight culture (25 mL, TB amp ) of recombinant E.
coli BL21 cells harboring a pCWori or pET22 plasmid encoding the enzyme variant under the control of the tac promoter. The cultures were shaken at 200 rpm at 37 °C for roughly 3.5 h or until an optical of density of 1.2-1.8 was reached. The temperature was reduced to 22 °C and the shake rate was reduced to 130-150 rpm for 20 min, then the cultures were induced by adding IPTG and aminolevulinic acid to a final concentration of 0.25 mM and 0.50 mM, respectively. The cultures were allowed to continue for another 20 hours at this temperature and shake rate. Cell were harvested by centrifugation (4 °C, 15 min, 3,000xg), and the cell pellet was stored at -20 °C or below for at least 2 h.
For the purification of 6XHis tagged enzymes, the thawed cell pellet was resuspended in Ni-NTA buffer A (25 mM Tris.HCl, 200 mM NaCl, 25 mM imidazole, pH 8.0, 0.5 mL/gcw) and lysed by SI-4 sonication (2x1 min, output control 5, 50% duty cycle). The lysate was centrifuged at 27,000xg for 20 min at 4 °C to remove cell debris. The collected supernatant was first subjected to a Ni-NTA chromatography step using a Ni Sepharose column (HisTrap-HP, GE healthcare, Piscataway, NJ). The enzyme was eluted from the Ni Sepharose column using 25 mM Tris.HCl, 200 mM NaCl, 300 mM imidazole, pH 8.0. Ni-purified protein was buffer exchanged into 0.1 M phosphate buffer (pH = 8.0) using a 30 kDa molecular weight cut-off centrifugal filter. Protein concentrations were determined by CO-assay as described above. For storage, proteins were portioned into 300 µL aliquots and stored at -80 °C. connected via cannulae and degassed in series. The buffer/dithionite solution (320 μL) was then added to each reaction vial via syringe, and the gas lines were disconnected from the vials. 10 μL of a stock solution of olefin (400 mM for acrylamide 1) was added via a glass syringe, followed by 10 µL of a 400 mM stock of EDA (both stocks in EtOH). The reaction vials were then placed in a tray on a plate shaker and left to shake at 35 rpm for 12 h at room temperature. The final concentrations of the reagents were typically: 10 olefin, 8.7 mM EDA, 10 mM Na 2 S 2 O 4 , and 10 μM enzyme. The reaction was quenched by the addition of 3 M HCl (25 μL). The vials were uncapped and 1 mL of cyclohexane was added, followed by 20 μL of a 20 mM solution of 2-phenylethanol solution in cyclohexane (internal standard). The mixture was transferred to a 1.5 mL Eppendorf tube and vortexed and centrifuged (10,000x rcf, 30 s).
Small-scale in vitro protein reactions (anaerobic)
The organic layer was then analyzed by GC. . Aliquots of the cell suspension were used for determination of the enzyme expression level (2-3 mL) after lysis.
Anaerobic conditions: E. coli cells (OD 600 = 30 or 60) were transferred to a crimped 6 mL vial and made anaerobic by degassing with argon for 5-10 min. In parallel, glucose (50 μL, 25 mM) was added to 2 mL crimp vials that are sealed. The headspaces of these vials were purged with argon for 5-10 min. If multiple reactions were being carried out in parallel, a maximum of 8 vials were connected via cannulae and degassed in series. Cells (425 µL) were transferred to each vial via syringe and the olefin substrate was added (12.5 μL of a 800 mM solution of styrene in EtOH or a 400 mM solution of acrylamide 1 in To each well was then added 30 µL of glucose oxidase/catalase solution containing 14000 U/mL catalase and 1000 U/mL glucose oxidase. The plate was sealed with aluminum sealing tape and shaken at 35 rpm overnight. After the reaction, the sealing tape was removed and 25 µL of 3 M HCl was added to each well, followed by 700 µL of cyclohexane. The plate was vortexed and centrifuged (5000x rcf, 1 min) and 500 µL aliquots of the organic extracts were transferred into a shallow-well plate for analysis.
Spectrochemical Characterization of AxX proteins
UV-visible spectrum of AxX proteins: All spectra were recorded from 370-650 nm at protein concentrations of 1-4 µM. Fe(II) spectrum was recorded after addition of 1-2 mg sodium dithionite to a solution of protein in a cuvette. The cuvette was sealed with parafilm. The Fe(II)-CO spectrum was recorded after gently bubbling CO through the protein solution for 30 s, followed by addition of 1-2 mg sodium dithionite. Again, the cuvette was sealed with parafilm. 
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Determination of ε max-490 for AxX proteins: The holo T268A-AxX protein of each axial mutant (Ala, His, Met, and Tyr) were used. The CO binding difference ε max-490 for each axial mutant was determined by CO binding assay, calibrated to the known enzyme concentration as determined by hemochrome assay. Each value measured is an average of 3 to 7 separate determinations at different enzyme concentrations. Monitoring reaction of EDA with styrene catalyzed by T268A-AxX mutants
Following the procedure for small scale whole cell reactions, whole cells expressing T268A-AxA, T268A-AxH, T268A-AxM, T268A-AxY, T268A (axial Cys) and T268A-P411 (axial Ser) were grown and resuspended to OD 600 = 60. To determine the enzyme concentration of each sample, 1 mL of each cell stock was removed, diluted with 1 mL of phosphate buffer, and then analyzed by CO assays following the general procedure outlined above. The optical density of the cells was adjusted such that the final enzyme concentration of all T268A-AxX mutants was 2.0 µM and the concentration of T268A
(axial Cys) and T268A (axial Ser) was 2.7 µM.
For each mutant, a series of reactions was set up following the general procedure for anaerobic whole cell reactions. The substrates (12.5 µL styrene at 800 mM and 12.5 µL EDA at 350 mM) were added to each sample at time 0 min. Time points were taken at 5, 10, 20, 30, and 45 and all measurements were performed in duplicate or triplicate. At each specified time point, the reaction was worked up using procedure described in the small scale whole cell reactions and then submitted for GC was performed on Chiralpak AS column, eluting with 2% iPrOH at 2.5 mL/min: λ = 210 nm, t R (min): major = 8.50, minor = 9.48.
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In vitro reaction of acrylamide 1 with EDA catalyzed by T268A-AxX mutants Small scale reactions with isolated proteins were performed following the general procedure for in vitro catalysis using T268A-AxX, T268A, and T268A-AxS variants that are isolated and purified by HisTrap-HP column. Yields of the reactions were determined by GC and enantioselectivity determined by chiral SFC using the same methods as described above for whole cell reactions. 
Calibration of 2
Yields of cyclopropanation products were determined using calibration curves made with independently 
Site saturation mutagenesis of T268A-AxH
Site saturation libraries were created as described above in the general procedure and screened in 96-well plate format for reaction of 1 with EDA. The organics extracts from these plate reactions were analyzed by chiral SFC on Chiralpak AS column, eluting with 4% iPrOH at 3.0 mL/min for 6.5 min: λ = 210 nm, t R (min): major = 3.09, minor = 3.41. Whole cells that provided the product in enantioselectivities higher than those of the parent were sequenced and regrown on 50 mL scale. The reaction was repeated in triplicate using these cells following the general procedure for small scale whole cell reactions under anaerobic conditions to determine yield and confirm enantioselectivity. The results from two rounds of site saturation mutagenesis are summarized below. 
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Monitoring reaction of 1 with EDA catalyzed by T268A-AxH, BM3-Hstar, and T268A-AxS
Following the procedure for small scale whole cell reactions, whole cell expressing T268A-AxH, BM3-Hstar, and T268A-AxS were grown and resuspended to OD 600 = 60. To determine the enzyme concentration of each sample, 1 mL of each cell stock was removed, diluted with 1 mL of phosphate buffer, and then analyzed by CO assays following the general procedure outlined above. The optical density of each sample was adjusted such that the final enzyme concentration of all mutants was 1.6 µM.
For each mutant, a series of reactions was set up following the general procedure for anaerobic whole cell reactions. The substrates (12.5 µL 1 at 400 mM and 12.5 µL EDA at 400 mM) were added to each sample at time 0 min. Time points were taken at 5, 10, 20, 30, 45, and 60 min. At each specified time point, the reaction was worked up using procedure described in the small scale whole cell reactions and then submitted for GC analysis. 
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Amino Acid Sequences TTCAAGAAGATATCAAGGTGATGAACGACCTAGTAGATAAAATTATTGCAGATCGCAAAGCAAGCGGTGAACAAAGC  GATGATTTATTAACGCATATGCTAAACGGAAAAGATCCAGAAACGGGTGAGCCGCTTGATGACGAGAACATTCGCTA  TCAAATTATTACATTCTTAATTGCGGGACACGAAACAACAAGTGGTCTTTTATCATTTGCGCTGTATTTCTTAGTGA  AAAATCCACATGTATTACAAAAAGCAGCAGAAGAAGCAGCACGAGTTCTAGTAGATCCTGTTCCAAGCTACAAACAA  GTCAAACAGCTTAAATATGTCGGCATGGTCTTAAACGAAGCGCTGCGCTTATGGCCAACTGCTCCTGCGTTTTCCCT  ATATGCAAAAGAAGATACGGTGCTTGGAGGAGAATATCCTTTAGAAAAAGGCGACGAACTAATGGTTCTGATTCCTC  AGCTTCACCGTGATAAAACAATTTGGGGAGACGATGTGGAAGAGTTCCGTCCAGAGCGTTTTGAAAATCCAAGTGCG  ATTCCGCAGCATGCGTTTAAACCGTTTGGAAACGGTCAGCGTGCGTGTATCGGTCAGCAGTTCGCTCTTCATGAAGC  AACGCTGGTACTTGGTATGATGCTAAAACACTTTGACTTTGAAGATCATACAAACTACGAGCTCGATATTAAAGAAA  CTTTAACGTTAAAACCTGAAGGCTTTGTGGTAAAAGCAAAATCGAAAAAAATTCCGCTTGGCGGTATTCCTTCACCT  AGCACTGAACAGTCTGCTAAAAAAGTACGCAAAAAGGCAGAAAACGCTCATAATACGCCGCTGCTTGTGCTATACGG  TTCAAATATGGGAACAGCTGAAGGAACGGCGCGTGATTTAGCAGATATTGCAATGAGCAAAGGATTTGCACCGCAGG  TCGCAACGCTTGATTCACACGCCGGAAATCTTCCGCGCGAAGGAGCTGTATTAATTGTAACGGCGTCTTATAACGGT  CATCCGCCTGATAACGCAAAGCAATTTGTCGACTGGTTAGACCAAGCGTCTGCTGATGAAGTAAAAGGCGTTCGCTA  CTCCGTATTTGGATGCGGCGATAAAAACTGGGCTACTACGTATCAAAAAGTGCCTGCTTTTATCGATGAAACGCTTG  CCGCTAAAGGGGCAGAAAACATCGCTGACCGCGGTGAAGCAGATGCAAGCGACGACTTTGAAGGCACATATGAAGAA  TGGCGTGAACATATGTGGAGTGACGTAGCAGCCTACTTTAACCTCGACATTGAAAACAGTGAAGATAATAAATCTAC  TCTTTCACTTCAATTTGTCGACAGCGCCGCGGATATGCCGCTTGCGAAAATGCACGGTGCGTTTTCAACGAACGTCG  TAGCAAGCAAAGAACTTCAACAGCCAGGCAGTGCACGAAGCACGCGACATCTTGAAATTGAACTTCCAAAAGAAGCT  TCTTATCAAGAAGGAGATCATTTAGGTGTTATTCCTCGCAACTATGAAGGAATAGTAAACCGTGTAACAGCAAGGTT  CGGCCTAGATGCATCACAGCAAATCCGTCTGGAAGCAGAAGAAGAAAAATTAGCTCATTTGCCACTCGCTAAAACAG  TATCCGTAGAAGAGCTTCTGCAATACGTGGAGCTTCAAGATCCTGTTACGCGCACGCAGCTTCGCGCAATGGCTGCT  AAAACGGTCTGCCCGCCGCATAAAGTAGAGCTTGAAGCCTTGCTTGAAAAGCAAGCCTACAAAGAACAAGTGCTGGC  AAAACGTTTAACAATGCTTGAACTGCTTGAAAAATACCCGGCGTGTGAAATGAAATTCAGCGAATTTATCGCCCTTC  TGCCAAGCATACGCCCGCGCTATTACTCGATTTCTTCATCACCTCGTGTCGATGAAAAACAAGCAAGCATCACGGTC  AGCGTTGTCTCAGGAGAAGCGTGGAGCGGATATGGAGAATATAAAGGAATTGCGTCGAACTATCTTGCCGAGCTGCA  AGAAGGAGATACGATTACGTGCTTTATTTCCACACCGCAGTCAGAATTTACGCTGCCAAAAGACCCTGAAACGCCGC  TTATCATGGTCGGACCGGGAACAGGCGTCGCGCCGTTTAGAGGCTTTGTGCAGGCGCGCAAACAGCTAAAAGAACAA  GGACAGTCACTTGGAGAAGCACATTTATACTTCGGCTGCCGTTCACCTCATGAAGACTATCTGTATCAAGAAGAGCT  TGAAAACGCCCAAAGCGAAGGCATCATTACGCTTCATACCGCTTTTTCTCGCATGCCAAATCAGCCGAAAACATACG  TTCAGCACGTAATGGAACAAGACGGCAAGAAATTGATTGAACTTCTTGATCAAGGAGCGCACTTCTATATTTGCGGA  GACGGAAGCCAAATGGCACCTGCCGTTGAAGCAACGCTTATGAAAAGCTATGCTGACGTTCACCAAGTGAGTGAAGC AGACGCTCGCTTATGGCTGCAGCAGCTAGAAGAAAAAGGCCGATACGCAAAAGACGTGTGGGCTGGGCTCGAGCACC ACCACCACCACCACTGAGATCCGGCTGCTAACAAAGC
Experimental Procedures for Formal Synthesis of Levomilnacipran
Acrylamide 1: To a solution of atropic acid (11.1 g, 75 mmol) in DCM (150 mL, 0.2 M) at 0 ºC was added oxalyl chloride (7.63 mL, 90 mmol) dropwise, followed by DMF (0.1 mL). The resulting colorless solution was then warmed to rt and stirred for 2 h, upon which it turned slightly yellow. After cooling to 0 ºC, sat. NaHCO 3 (150 mL) was added, followed by Et 2 NH (11.63 mL, 112.5 mmol) dropwise. The resulting solution was stirred vigorously (uniform emulsion) at rt overnight. The organic and aqueous layers were separated and the aqueous layer was extracted with Et 2 O (2 x 150 mL). The combined organic layer was washed with H 2 O (100 mL), and brine (100 mL), dried over Na 2 SO 4 , and concentrated in vacuo. The resulting yellow oil (13.0 g, 85%) was used for the next step without further purification. 
Preparative-Scale Whole Cell Synthesis of 2:
E. coli (BL21(DE3)) cells were grown from glycerol stock overnight (37 ºC, 200 r.p.m.) in 100 ml TB medium. The preculture was used to inoculate three 350 mL volumes of Hyperbroth medium in three 500-mL Erlenmeyer flasks (using ca. 30 mL each), and the resulting cultures were incubated at 37 ºC, 
